Insight into potential Cu(II)-binding motifs in the four pseudorepeats of tau protein.
Tau protein and Cu(II) are believed to be associated with the pathogenesis of Alzheimer's disease. However, little is known about atomic-level interactions between tau protein and Cu(II). Herein, we suggest, on the basis of electron spin resonance (ESR) data, that the four pseudorepeats of tau protein in the microtubule-binding region play an important role in Cu(II) binding. We use a number of tau protein fragments in order to examine Cu(II)-binding site(s) and binding affinities. Continuous-wave (CW) ESR experiments on the four highly conserved octadecapeptides, each of which is a segment of one of the four pseudorepeats, reveal that the equimolar Cu(II) complexes of the four octadecapeptides are similar to one another in terms of the coordination environment and binding affinity. The spectra obtained with pulsed ESR techniques such as electron spin-echo envelope modulation and hyperfine sublevel correlation provide direct evidence that a histidine residue and a backbone amide group coordinate to Cu(II) in each Cu(II)-octadecapeptide complex. The results of CW and pulsed ESR experiments on some chemically modified peptides indicate that the cysteine residues in the second and third pseudorepeats are unlikely to be involved in Cu(II) binding. On the other hand, similar experiments on tau fragments of the second pseudorepeat with different lengths lead to the conclusion that the affinity for Cu(II) decreases as the octadecapeptide is either truncated or elongated. The high Cu(II)-binding affinity of the octadecapeptide is presumably due to the N-terminal amino group stabilizing the Cu(II)-octadecapeptide complex. Finally, the ESR data for a longer tau fragment that contains two octadecapeptides suggest that the Cu(II) binding site(s) of even longer fragments of tau protein is similar to that of a single octadecapeptide.